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SECURE ACCESS MANAGEMENT AGAINST
VOLATILE IDENTITY STORES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is in the field of systems for manag-
ing access to protected computing resources. In particular, the
present invention provides a system and method for ensuring
that if a user’s authorized level of access to a protected
resource changes while the user is using the resource, the
change will be imposed on the user in substantially real time.

2. Description of the Related Art

Identity management, access management, and shared data
repositories are known in the art. There are suppliers in the
field, such as Oracle of Redwood Shores, Calif., that provide
products for each of these functions. Other suppliers may also
provide products for one or more of these functions. An
enterprise can often choose solutions from a single vendor or
can mix and match products from multiple vendors in orderto
obtain a custom solution.

In general, an identity management solution provides a
unified, integrated platform to manage user identities, provi-
sion resources to users, secure access to resources, including
computer resources, and support compliance processes. In a
simple implementation, identity management may comprise
a simple directory of all users in an organization. Additional
features are provisioned as needed. For example, the direc-
tory can be expanded to include a list of protected resources to
which a user should be granted access. A protected resource
may be a computing system to which not everyone should be
given access. For example, access to an organizations payroll
system should be limited to select users.

Identity management systems can help facilitate the man-
agement of user privileges. For example, all employees in the
human resources department of an organization may only
need read access to payroll systems. An identity management
system may store a record for each employee in the human
resources department, and indicate that they should have read
only access. In a somewhat more refined approach, rather
than storing privileges assigned to each user individually,
each user may be assigned one or more roles and the roles
themselves can determine the privileges granted. Continuing
with the above example, each employee of the human
resources department could be assigned to the role “HR
Employee” and then the “HR Employee” role could be
assigned the privilege of read only access to the payroll sys-
tem. A second role of “HR Manager” could be defined, and
the privilege of write access could be assigned to the “HR
Manager” role.

In this way, managing privileges assigned to each user
becomes less complicated. For example, if a new system is
added, and human resources employees need access to the
new system, it is simply a matter of changing the privileges
granted to the “HR Employee” role, without having to update
each individual employee. Likewise, if an HR employee is
promoted to manager, the employee can simply have the “HR
Manager” role added to his record. The newly promoted
employee will then be granted all the privileges that go along
with being a “HR Manager” without having to individually
add each of those privileges.

Shared data repositories, such as databases are also known.
Shared databases can be accessed by any number of different
applications and different users. Databases come in many
forms. A database can be as simple as a flat file or more
complex, such as a relational database. Centralizing storage
of data that is important to an organization in a database
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2

provides many benefits. One benefit is that the data can be
more secure, as there is a single repository that is responsible
for maintaining the data. Another benefit is that central stor-
age of the data can facilitate data sharing among different
applications. For example, the identity management system
discussed above can store the roles and privileges of each user
in a database. An access management system can then use
those roles to restrict access to protected systems, as will be
further explained below.

Access management systems, as the name implies, are
used to manage access to systems. As described above, an
enterprise may have a payroll system. Some employees may
need one level of access, such as read only access, to the
system. Others may need a greater degree of access. Access to
the system may be completely prohibited for yet another
group of users. An access gate may be associated with a
protected resource. Any attempt to access the protected
resource may first be intercepted by the access gate. The
access gate may then notify an access management system
about the attempted access and provide identification of the
user that is attempting to access to the protected resource. The
access management system may then query the shared data
repository to determine which privileges should be granted to
the user. If the privileges previously populated in the data
repository by the identity management system indicate the
user should be given access to the protected resource, this
information can be sent from the access manager back to the
access gate. The access gate can then allow the user to access
the protected resource at the level of access as determined by
the access manager, data repository, and identity management
system.

Because each piece of the solution described above may be
provided by a different vendor, problems can arise due to a
lack of coordination and cooperation between the pieces of
the solution. For example, the access management system
may grant a user access to a protected resource based on the
role the user is assigned in the database. As the user is access-
ing the resource, the identity management system may later
alter the role assigned to the user, such that the user should no
longer be allowed access to the protected resource. Unfortu-
nately, unless the identity management system notifies the
access management system of this change, there is no way for
the access management system to immediately revoke the
user’s access privileges. Because the identity management
system and the access management system may be supplied
by different vendors, there is no way to enforce proper noti-
fication of changes between the systems.

Access management systems have attempted to solve this
problem by only granting users access to a protected resource
for a finite period of time. For example, the access manage-
ment system may grant a user a certificate that defines the
user’s access privileges to a protected resource and that cer-
tificate will expire in halfan hour. After the certificate expires,
the access management system repeats the process of grant-
ing access, thus the latest privileges are retrieved from the
database and any changes made by the identity management
system can be enforced.

Although monitoring changes through the expiration of a
certificate is an improvement, it still leaves a large security
gap. The time period between the change in a user’s access
privileges and the expiration of the certificate creates a secu-
rity gap wherein the user may have access to a protected
resource that he should not have. For example, an employee
who is about to be terminated may currently be granted access
to a highly sensitive system, such as an accounting system.
The identity management system may lock the employee as
part of the termination process, but until the employee’s cer-
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tificate expires, the access management system will be
unaware that access to the accounting system for the user has
been locked. A terminated employee having access to a pro-
tected resource for even a short period of time is clearly
problematic.

There is therefore a problem in the art when dealing with
identity and access management systems that may not be
fully integrated, thus allowing security gaps to be created
wherein users have privileges to access protected resources
that are different than those that the users should have. There
is a need for a solution to this problem that is independent of
direct communication between identity management and
access management systems. The solution should allow an
access management system to limit access to protected
resources in accordance with the access privileges that are
stored in a database. Any changes to those access privileges
should become effective as soon as possible without waiting
for an independent event, such as the expiration of a certifi-
cate. Embodiments of the invention solve these and other
problems, individually and collectively.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to man-
aging access to protected computer resources. More particu-
larly, embodiments of the present invention provide systems
and methods for modifying a user’s ability to access a pro-
tected computer resource while the user is currently granted
access to the resource. If the privileges granted to a user for
accessing the protected resource are altered, these alterations
take effect in substantially real time. In an exemplary embodi-
ment, a user data repository will initiate the process of alter-
ing the user’s access privileges upon changes of data in the
repository. In this way, it does not matter how or by whom the
data in the repository is changed, but the change itself is
sufficient to initiate a re-computation of a user’s access privi-
leges to the protected resource.

According to one embodiment, a method of managing user
access to a protected resource is disclosed. The method com-
prises: receiving, at an access manager computer, an indica-
tion from a user data repository of a modification of data
stored in said user data repository; calculating updated access
privileges to said protected resource based on said modifica-
tion; and updating an access gate with said updated access
privileges, wherein said access gate limits access to said
protected resource based on said updated access privileges. In
one aspect, the method further comprises the modification of
data stored includes a change in an assigned role of a user. In
another aspect calculating updated access privileges includes
calculating updated privileges based on the user’s assigned
role.

In yet another aspect, the updated privileges can include
denying access to said protected resource. In a further aspect
the indication from the user data repository is generated by a
trigger in the user data repository. In yet another aspect the
trigger is specified per user. In another aspect, the indication
from the user data repository is generated by an LDAP per-
sistent query. In a further aspect, the updated access privileges
are calculated for all users upon any modification of said user
data repository. In a different aspect, the updated access privi-
leges are calculated only for users whose data is modified in
said user data repository.

In yet another aspect, the method further comprises sub-
stantially real-time membership calculation and enforcement
for a user whose data is modified in said user data repository.
In another aspect, the method further comprises adding a user
whose access to the protected resource has been locked to an
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invalid users list, wherein said list is verified upon every
access to the protected resource. In another aspect, the
method further comprises receiving an indication from an
identity management application of a change in data stored in
the user data repository. In yet one more aspect, the indication
received at the access manager computer is generated by code
executed by a relational database communicatively coupled
to the access manager computer over a network in response to
a change in data associated with a user record.

Other embodiments of the invention include computer sys-
tems comprising a processor, and a memory coupled to the
processor, where the memory is configured to store a com-
puter program that allows the processor to perform the meth-
ods described herein. And still additional embodiments of the
invention are directed to non-transitory computer readable
mediums storing thereon instructions which cause a com-
puter to perform the methods described herein.

These and other embodiments of the invention along with
many of its advantages and features are described in more
detail in conjunction with the text below and the attached
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a simplified diagram illustrating a system accord-
ing to an embodiment of the present invention.

FIGS. 2(a-c) are simplified timing sequence diagram
depicting operations of embodiments of the present inven-
tion.

FIG. 3 is a simplified flow diagram indicating operation of
an embodiment of the invention.

FIG. 4 is a simplified block diagram illustrating the physi-
cal components of a system environment 400 that may be
used in accordance with an embodiment of the present inven-
tion.

FIG. 5 is a simplified block diagram illustrating the physi-
cal components of a computer system 500 that may be used in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1is a simplified diagram illustrating a system accord-
ing to an embodiment of the present invention. The system
100 can have at its core a network 101. The network 101 can
be any suitable computer network such as an intranet or the
Internet. The particular technology of the network 101 is
unimportant, except to the extent that the network 101 enables
communications between all of the other elements depicted in
FIG. 1. The system 100 can also include an Identity Manager
102. The Identity Manager 102 may be any system, computer,
or application that is useful for managing the identities of the
Users 106 of the system 100. The Identity Manager 102 is
operable to allow administrators of system 100 to determine
the level of access each user 106 will have to the Protected
Resources 110(a-c) described below.

The Identity Manager 102 may provide the ability to define
access privileges to the Protected Resources 110(a-c) on aper
user basis. The Identity Manager 102 may also provide the
ability to define access privileges on a per role basis, and then
allow the Users 106 to be assigned to roles. The Identity
Manager 102 is generally responsible for managing the
access privileges of the Users 106 to the Protected Resources
110(a-c).

The Identity Manager 102 may store the privileges granted
to each User 106 in a User Data Repository 104. The User
Data Repository 104 can be any type of data store that is
commonly available. In some embodiments, the User Data
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Repository 104 is a relational database, such as Oracle 9i
offered by Oracle of Redwood Shores, Calif. Any other rela-
tional or non relational database would also be suitable. In
some embodiments, the User Data Repository 104 provides
the capability of executing code, such as stored procedures,
upon the occurrence of certain changes in the User Data
Repository 104. In general these stored procedures may be
referred to as triggers. Various triggers may be established
within the User Data Repository 104. For example, a trigger
may be established on the record used to store data about each
individual User 106. The trigger may be activated upon any
alteration of the user’s record. Similarly, triggers may be
established on other data elements, such as the roles that are
granted to Users 106, and the privileges granted to those roles.
These triggers may be likewise activated on changes made to
information related to roles stored within the User Data
Repository 104.

As mentioned above, triggers are code that may be
executed upon data updates in the User Data Repository 104.
The code can perform functions such as sending messages to
other elements within system 100. For example, the Identity
Manager 102 may alter the access privileges ofa User 106 and
store this change in the User Data Repository 104. The change
may cause a trigger to activate, which results in the execution
of computer code to send a message to the Access Manager
112 notifying the Access Manager 112 of a change. The
operation of the Access Manager 112 will be discussed in
further detail below.

In an alternate embodiment, rather than a trigger, the User
Data Repository 104 may implement a notification mecha-
nism such as the Persistent Query as implemented in the
Lightweight Directory Access Protocol (LDAP). LDAP Per-
sistent Query is a mechanism whereby an element, such as the
Access Manager 112, can request that the User Data Reposi-
tory 104 notify the Access Manager 112 upon the occurrence
of certain conditions. For example, the User Data Repository
104 can be configured to notify the Access Manager upon any
change to a User 106 record in the User Data Repository 104.

Although two exemplary notification mechanisms, trig-
gers and LDAP Persistent Query have been described, it
should be understood that this is exemplary and not limiting.
The particular mechanism used for notification is not mate-
rial. What should be understood is that the User Data Reposi-
tory 104 is configured to notify an external system upon
changes to data stored within the repository. Any mechanism
that can perform this function would be suitable.

The Access Gates 108(a-c) may be elements that are used
to limit access to the Protected Resources 110(a-b). In some
embodiments, the Access Gates 108(a-c) may be standalone
computers, while in other embodiments, they may be inte-
grated into the same machine that operates to provide the
Protected Resources 110(a-c). In some embodiments, each of
the Protected Resources 110(a-c) may execute on a standal-
one computer or computing system, while in other embodi-
ments, multiple Protected Resources 110(a-c) may execute
on a single computing system. In the present example, three
exemplary Protected Resources 110(a-c), a trading system
110(a), an accounting system 110(b), and a payroll system
110(c), are depicted. Each one of these systems may have
access restricted to a certain set of Users 106 who have been
granted privileges to those systems. Although three Protected
Resources 110(a-c) have been depicted, this is for purposes of
explanation only, and is not limiting.

What should be understood is that each of the Protected
Resource 110(a-c) is protected by an Access Gate 108(a-c).
The Protected Resources 110(a-c) and the Access Gates 108
(a-c) may run on a single computer, each element may run on
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6

a separate computer, or any combination thereof. As will be
explained in further detail below, a User 106 attempting to
access the Protected Resources 110(a-c) will first encounter
the Access Gate 108(a-c) that is protecting that resource. The
physical hardware that the Access Gate 108(a-c) is executing
on is not of particular importance, but what should be under-
stood is that access to the Protected Resources 110(a-c) is
granted through the Access Gate 108(a-c).

Upon presentation of a User 106 that wishes to access a
Protected Resource 110(a-c), the corresponding Access Gate
108(a-c) may communicate with the Access Manager 112.
The Access Manager 112 is a system that determines which
Users 106 are to be granted access to which resources. The
Access Gates 108(a-c) may communicate with the Access
Manager 112 and provide an identification of the User 106
that is attempting to access a Protected Resource 110(a-c),
and the particular resource that is being accessed. The Access
Manager 112 may then in turn query the User Data Reposi-
tory 104 to determine the privileges that have been granted to
the User 106. For example, privileges that have been granted
through the Identity Manager 102. If the Access Manager 112
determines that a User 106 should be given access to the
Protected Resource 110(a-c), the Access Gate Access Gate
108(a-c) may be notified of the level of access that should be
granted.

In some embodiments, a certificate, such as a digital cer-
tificate, is sent to the Access Gate Access Gate 108(a-c). The
certificate allows the User 106 to access the Protected
Resource 110(a-c) for a period of time. In some embodiments
the certificate may expire after a pre-determined period of
time. Upon arrival of the expiration time, the Access Gate
108(a-c) may communicate with the Access Manager 112 to
renew the certificate for an additional period of time, thus
allowing the User 106 to continue to access the Protected
Resource 110(a-c).

In typical operation, the Identity Manager 102 will be used
to define access privileges to Protected Resources 110(a-c)
for all Users 106. These privileges will be stored in the User
Data Repository 104. An attempt by a User 106 to access a
Protected Resource 110(a-¢) will be intercepted by the
Access Gate 108(a-c). The Access Gate 108(a-c) then com-
municates with the Access Manager 112, indicating the
resource being access, the User 106 attempting access, and
optionally User 106 authentication information, such as a
password. The Access Manager 112 then queries the User
Data Repository 104 to determine if access to the Protected
Resource 110(a-c) should be granted to the User 106.

If access is to be granted, the Access Manager 112 may
issue a certificate, such as a digital certificate, to the Access
Gate 108(a-c) which indicates that the User 106 should be
given access to the Protected Resource 110(a-c) for a defined
period of time. The User 106 is then allowed to access the
Protected Resource 110(a-c). Upon expiration of the certifi-
cate, the Access Gate 108(a-¢) can again communicate with
the Access Manager 112 to determine if the User 106 should
still be granted access. If access is still allowed, a new or
renewed certificate may be issued, and the User 106 can
continue to access the Protected Resource 110(a-c).

It is possible that after a certificate has been issued by the
Access Manager 112, but prior to the expiration of the cer-
tificate, the Identity Manager 102 changes the privileges
granted to a User 106 accessing a Protected Resource 110(a-
¢). Thelevel of access granted may be increased or decreased,
possibly to the extreme of prohibiting access. In prior systems
and as explained further with respect to FIG. 2(a), this is
problematic because the certificate granted to the User 106 no
longer reflects the User’s 106 currently granted privileges. In
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prior systems, absent an explicit notification from the identity
management system, it is not until the certificate expires and
is again verified by the Access Gate 108(a-c) that the change
in privileges is noted.

Embodiments of the present invention advantageously
overcome this problem through the use of a back channel
established between the User Data Repository 104 and the
Access Manager 112. Upon any change to the User Data
Repository 104 that affects a User 106, the repository itself
will indicate such a change to the Access Manager 112. The
Access Manager 112 may then query the User Data Reposi-
tory 104 again in order to determine the correct set of privi-
leges to be granted to the User 106. The Access Manager 112
will then update the Access Gate 108(a-c) with the new privi-
leges. Advantageously, this update can occur substantially in
real time. In this case, substantially real time means that it is
not necessary to wait for the certificate that was initially
issued to expire, but rather the process of issuing a new
certificate can being as soon as the Access Manager 112 is
notified of the change to the User Data Repository 104.

Embodiments of the present invention advantageously do
not rely on the Identity Manager 102 to notify the Access
Manager 112 of changes to the User Data Repository 104. As
mentioned above, different vendors may provide the Identity
102 and the Access 112 Manager solutions. Therefore, there
is no way to ensure that these products will communicate with
each other properly. Embodiments of the present invention
advantageously make use of the ability present in most mod-
ern data repositories to execute code upon changes to data
stored within the repository. The code can advantageously be
used to notify the Access Manager 112 of data changes within
the data repository. Thus the Access Manager 112 is advan-
tageously no longer dependent on the Identity Manager 102
providing notifications of changes to User’s 106 privileges.

FIGS. 2(a-c) are simplified timing sequence diagram
depicting operations of embodiments of the present inven-
tion. FIG. 2(a) depicts a timing sequence diagram of a User
106 attempting to access a Protected Resource 110 as would
occur in the prior art. In this exemplary timing sequence, the
User’s 106 access privileges to the Protected Resource 110
have already been populated in the User Data Repository 104
by the Identity Manager 102. The process begins with User
106 attempting to access the Protected Resource 110. The
access attempt is intercepted 240 by the Access Gate 108. The
Access Gate 108 may then send an authorization request 242
to the Access Manager 112 to establish the permitted level of
access of the User 106 to the Protected Resource 110.

In some embodiments, the Access Manager 112 may
prompt 244 the User 106 to authenticate themselves. This
request can be in any number of forms, the simplest being a
request for a password. Other authentication schemes, such as
those based on biometrics or secure tokens may also be used.
The Access Manager 112 is simply attempting to authenticate
that User 106 is actually who he claims to be, and is not an
imposter. The User 106 may then send his password 246 or
other authentication credentials to the Access Manager 112.
The Access Manager 112 may proceed to verify the User’s
106 credentials via a communication, such as a query, to the
User Data Repository 104. For example, the users password
can be sent 248 to the User Data Repository 104.

The User Data Repository 104 may then respond 250 to the
Access Manager 112 with the privileges that have been
granted to the User 106. In some embodiments, the User Data
Repository 104 may return the roles assigned to the User 106
and it is left to the Access Manager 112 to determine the
privileges that are granted. In other embodiments, the User
Data Repository 104 itself may determine the privileges
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granted. The Access Manager 112 may then grant 252 the
User 106 a certificate. The certificate may include the privi-
leges granted to the User 106 and an expiration time of the
certificate. In the present example, the certificate may be
granted at a time referred to as T1 and may expire at atime T3,
which is later than T1. Between time T1 and T2, the User 106
may access 254 the Protected Resource 110.

Atatime T2, which is prior to T3, the Identity Manager 102
may determine that it is necessary to lock 256 the User 106.
This can be for any number of reasons, such as the User 106
is being terminated. As should be clear, the User 106 is still
allowed access 260 to the Protected Resource 110. This is
because the certificate granted 252 to the User 106 does not
expire until time T3. Unless the Identity Manager 102 explic-
itly informs the Access Manager 112 of a change in the access
privileges of the User 106, the Access Manager 112 is
unaware that the User 106 should be locked. Herein lies the
problem with prior art systems. As mentioned above, because
the Access Manager 112 and the Identity Manager 102 may
be provided by different vendors, there is no way to enforce
proper communication between the systems.

The User 106 is permitted to continue access 260 to the
Protected Resource 110 until time T3, when the certificate
granted at step 252 expires. The Access Manager 112 may
then attempt to verify the privileges 264 of the User 106 again.
At this point, the User Data Repository 104 may respond 266
with the new privileges of User 106, which in this case indi-
cate the User 106 has been locked. The Access Manager 112
may then update 268 the Access Gate 108 to indicate that the
User 106 is now locked. The Access Gate 108 then denies 270
the User 106 access to the Protected Resource 110. As should
be clear, this is a non-ideal situation in that for the time period
between T2 and T3, the User 106 is allowed to access a
Protected Resource 110 that he should no longer be allowed
to access.

FIG. 2(b) depicts a timing sequence diagram of a User 106
attempting to access a Protected Resource 110 according to
an embodiment of the present invention. The sequence pro-
ceeds as described in FIG. 2(a) through step 256, wherein the
User 106 is locked by the Identity Manager 102. At this point,
the User Data Repository 104 receives the changes from the
Identity Manager 102, and sends a notification 258 to the
Access Manager 112. As explained above, in some embodi-
ments, the notification is sent via a trigger within the User
Data Repository 104 activating. In other embodiments, the
notification 258 is sent as part of an LDAP persistent query.

In some embodiments, the notification 258 may include the
updated privileges that have been granted to the User 106,
which in this example indicate the User 106 has been locked.
In other embodiments, the notification may simply notify the
Access Manager 112 that some piece of data related to the
User 106 has changed. In embodiments where the Access
Manager 112 is only notified of a change to the User 106, the
Access Manager 112 may again query 264 the User Data
Repository 104 to determine the current set of granted privi-
leges. The User Data Repository 104 will respond 266 with
the new set of privileges. The query 264/response 266
sequence is essentially the same as steps 248 and 250, except
that the user credentials may not need to be verified. This is
because the User 106 has already been verified to be who he
claims to be, the changes that may be occurring only relate to
the privileges granted to the User 106.

The Access Manager 112 may then determine the new set
of privileges that should be granted to the User 106, which in
this example is a complete lock of the User 106, eliminating
all privileges. The Access Manager 112 may then update 268
the Access Gate 108 to indicate the User 106 is now locked. At



US 9,218,501 B2

9

this point any further attempt by the User 106 to access the
Protected Resource 110 is denied 270. As should be clear
from FIG. 2(b), the User 106 is denied access to the Protected
Resource 110 before the certificate granted in step 252
expires at time T3. Embodiments of the present invention
advantageously are able to modify a User’s 106 access privi-
leges as soon as modifications are made, without relying on
the expiration of a previously granted certificate.

It should also be noted that the notification 258 of a change
to the User 106 is initiated by the User Data Repository 104,
not the Identity Manager 102. Initiating notification 258 from
the User Data Repository 104 advantageously eliminates the
necessity of the Identity Manager 102 to directly communi-
cate with the Access Manager 112. As explained above, these
two entities may be provided by different vendors, and there
is no way to enforce proper communication between them.

Furthermore, embodiments of the invention advanta-
geously make use of notification facilities that are currently
available in almost all commercially available data stores.
The ability to establish triggers within a database or LDAP
persistent queries within a directory server are known within
the field of data stores. Even if the User Data Repository 104
is supplied by a different vendor than the Access Manager
112, itis inconsequential. Embodiments of the invention rely
on known notification features of the User Data Repository
104 to establish a back channel with the Access Manager 112,
not on a vendor specific configuration between the Identity
Manager 102 and the Access Manager 112. Because the orga-
nization that is utilizing embodiments of the invention makes
use of existing features of the User Data Repository 104, there
is no need to coordinate between the vendors of the various
elements.

Although FIG. 2(5) has been described in terms of a noti-
fication being sent upon a change to an individual User’s 106
access privileges, embodiments of the invention are not so
limited. In some embodiments, the Access Manager 112 may
simply be sent a notification when there is a change to any
data element associated with any User 106 in the entire User
Data Repository 104, regardless of if that change affects any
access privileges. The Access Manager 112 would then be
responsible for determining if any certificates have been
granted and repeating steps 264 and 268 for all such Users
106. In such an embodiment, there is a tradeoff wherein, the
implementation of the User Data Repository 104 becomes
easier, as there is no need to monitor individual user records,
while implementation of the Access Manager 112 becomes
more complex, as the Access Manager 112 must reprocess all
Users 106, even if there were no changes to the majority of
Users 106.

In some embodiments of the invention, step 268 may not
update the Access Gate 108 with the new user access privi-
leges, but rather may flush a cache on the Access Gate 108 that
contains the access privileges of the User 106. Thus, when the
User 106 attempts to access the Protected Resource 110, the
Access Gate 108 will have no record of the User 106 having
been granted access to the Protected Resource 110. A sub-
stantially real-time membership calculation and enforcement
for a user whose data is modified in the user data repository
can be achieved. The Access Gate 108 will then return to step
242, wherein authorization to access the Protected Resource
110 is requested. As should be clear, access to the Protected
Resource 110 will not be granted because the privileges cal-
culated in step 250 will indicate the User 106 has no access
privileges.

In some embodiments of the invention, upon the locking of
a User 106 in step 266, the Access Manager 112 may add the
User 106 to an invalid users list. The Access Gate 108 may
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check this list upon every access by the User 106 to a Pro-
tected Resource 110. If a User 106 appears on the invalid
user’s list, access to the Protected Resource 110 will be
denied.

FIG. 2(c) depicts a timing sequence diagram of a User 106
attempting to access a Protected Resource 110 according to
an alternate embodiment of the present invention. The
sequence in FIG. 2(c) is essentially the same as that in FIG.
2(b) up until step 256. In step 256 of FIG. 2(c), rather than the
User 106 being locked, the User 106 may be updated to have
privileges that are different than those granted in step 252.
Thelevel of access granted may be increased or decreased. At
step 264, the Access Manager 112 again interacts with the
User Data Repository 104 to retrieve the updated privileges,
which as indicated in this example show that the User 106 is
being restricted. The Access Gate 108 can then be updated
268 with the User’s 106 new restricted privileges. The User
106 then continues to access 272 the Protected Resource 110,
albeit with the restricted set of privileges. Just as above,
embodiments of the present invention advantageously do no
rely on the certificate granted at step 252 to expire before
updating the User’s 106 privileges.

FIG. 3 is a simplified flow diagram indicating operation of
an embodiment of the invention from an access manager
perspective. The process may begin at step 302 wherein a
request form a user to access a protected resource is received.
The process then moves to step 304, wherein access privi-
leges for the user are calculated. As explained above, the
process of calculating the access privileges that have been
granted to a user can include querying a user data repository.
From the data stored in the user data repository, such as roles
assigned to the user and privileges assigned either directly to
the user or to roles associated with the user, the access privi-
leges of the user can be determined. The process then contin-
ues on to step 306 where it is determined if the user’s access
privileges have been revoked. If so, there is no need to con-
tinue as the user has no privileges to access the protected
resource. The process then ends.

If the user’s access privileges have not been revoked, the
process continues on to step 308, wherein the access gate
associated with the protected resource is updated with the
calculated access privileges. The access privileges may
expire after a finite period of time. At this point, the user has
been granted access to the protected resource.

The process may then begin a loop that starts at step 310,
wherein an indication of a modification of data stored in the
user data repository may be received. If no indication of a
modification of the data stored in the user data repository is
received, the process may continue on to step 312 wherein it
is determined if the finite time period established in step 308
has expired. Ifthe finite time period is not expired, the process
continues on to step 314, where itis determined if the user has
terminated the session which began at step 302 with the
request for access to the protected resource. If the user has
terminated his session, the process ends. If the user has not
terminated his session, the process loops back to step 310 and
repeats.

If at step 310, an indication of modification of data stored
in the user data repository is received, the process returns to
step 304. The user data repository is queried again to calculate
the latest set of privileges granted to the user. Similarly, if at
step 312, the finite time period established in step 308 has
expired, the process again returns to step 304 to calculate the
latest set of privileges granted to the user. As should be clear,
the process in FIG. 3, steps 310, 312, and 314, form a loop. As
soon as any event occurs, such as expiration of the finite time
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period or an update to the user data repository, the user’s
access privileges are immediately recalculated.

FIG. 4 is a simplified block diagram illustrating the physi-
cal components of a system environment 400 that may be
used in accordance with an embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

As shown, system environment 400 includes one or more
client computing devices 402, 404, 406, 408 communica-
tively coupled with a server computer 410 via a network 412.
In one set of embodiments, client computing devices 402,
404, 406, 408 may request service from the server computer
410. For example, each of the client computing devices may
be accessing a protected resource operating on server com-
puter 410.

Client computing devices 402, 404, 406, 408 may be gen-
eral purpose personal computers (including, for example,
personal computers and/or laptop computers running various
versions of Microsoft Windows™ and/or Apple Macintosh™
operating systems), cell phones or PDAs (running software
such as Microsoft Windows Mobile™ and being Internet,
e-mail, SMS, Blackberry™, and/or other communication
protocol enabled), and/or workstation computers running any
of a variety of commercially-available UNIX™ or UNIX™-
like operating systems (including without limitation the vari-
ety of GNU/Linux™ operating systems). Alternatively, client
computing devices 402, 404, 406, and 408 may be any other
electronic devices capable of communicating over a network
(e.g., network 412 described below) with server computer
410. Although system environment 400 is shown with four
client computing devices and one server computer, any num-
ber of client computing devices and server computers may be
supported. For example, users may request initiating and/or
terminating user threads and/or contexts using the client com-
puter devices.

Server computer 410 may be a general purpose computer,
specialized server computer (including, e.g., a LINUX™
server, UNIX™ server, mid-range server, mainframe com-
puter, rack-mounted server, etc.), server farm, server cluster,
or any other appropriate arrangement and/or combination.
Server computer 410 may run an operating system including
any of those discussed above, as well as any commercially
available server operating system. Server computer 410 may
also run any variety of server applications and/or mid-tier
applications, including web servers, Java™ virtual machines,
application servers, database servers, and the like. In various
embodiments, server computer 410 is adapted to run one or
more Web services or software applications described in the
foregoing disclosure. For example, server computer 410 may
run access manager, access gate, or identity manager appli-
cations. In an embodiment, the server computer comprises
different computers, each configured to run an application
providing the functionality of one of an access manager, an
access gate, and identity manager, or a protected resource.

As shown, client computing devices 402, 404, 406, 408 and
server computer 410 are communicatively coupled via net-
work 412. Network 412 may be any type of network that can
support data communications using any variety of commer-
cially-available protocols, including without limitation TCP/
1P, SNA, IPX, AppleTalk™, and the like. Merely by way of
example, network 412 may be a local area network (LAN),
such as an Ethernet network, a Token-Ring network and/or
the like; a wide-area network; a virtual network, including
without limitation a virtual private network (VPN); the Inter-
net; an intranet; an extranet; a public switched telephone
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network (PSTN); an infrared network; a wireless network
(e.g., a network operating under any of the IEEE 802.11 suite
of protocols, the Bluetooth™ protocol known in the art, and/
or any other wireless protocols); and/or any combination of
these and/or other networks. In various embodiments, the
client computing devices 402, 404, 406, 408 and server com-
puter 410 are able to access the database 414 through the
network 412. In certain embodiments, the client computing
devices 402, 404, 406, 408 and server computer 410 each has
its own database.

System environment 400 may also include one or more
databases 414. In an embodiment, the databases may be a user
repository, which stores the access privileges to protected
resources of each user of the system. Database 414 may
correspond to an instance of the user repository as well as any
other type of database or data storage component described in
this disclosure. Database 414 may reside in a variety of loca-
tions. By way of example, database 414 may reside on a
storage medium local to (and/or residing in) one or more of
the client computing devices 402, 404, 406, 408, 410. Alter-
natively, database 414 may be remote from any or all of the
client computing devices 402, 404, 406, 408, 410 and/or in
communication (e.g., via network 412) with one or more of
these. In one set of embodiments, database 414 may reside in
a storage-area network (SAN) familiar to those skilled in the
art. Similarly, any necessary files for performing the functions
attributed to the client computing devices 402, 404, 406, 408,
410 may be stored locally on the respective computer and/or
remotely on database 414, as appropriate.

FIG. 5 is a simplified block diagram illustrating physical
components of a computer system 500 that may be used in
accordance with an embodiment of the present invention.
This diagram is merely an example, which should not unduly
limit the scope of the claims. One of ordinary skill in the art
would recognize many variations, alternatives, and modifica-
tions.

In various embodiments, computer system 500 may be
used to implement any of the computing devices 402, 404,
406, 408, 410 illustrated in system environment 400
described above. As shown in FIG. 5, computer system 500
comprises hardware elements that may be -electrically
coupled via a bus 524. The hardware elements may include
one or more central processing units (CPUs) 502, one or more
input devices 504 (e.g., a mouse, a keyboard, etc.), and one or
more output devices 506 (e.g., a display device, a printer,
etc.). For example, the input device 504 is used to receive user
inputs. Computer system 500 may also include one or more
storage devices 508. By way of example, storage devices 508
may include devices such as disk drives, optical storage
devices, and solid-state storage devices such as a random
access memory (RAM) and/or a read-only memory (ROM),
which can be programmable, flash-updateable and/or the like.
In an embodiment, various databases are stored in the storage
device 508. For example, the central processing unit 502 is
configured to process user access privileges. In addition, a
user may use computer system 500 to access protected
resources. Computer system 500 may also be configured to
act as one or more of an access manager, an access gate, and
identity manager, or a protected resource.

Computer system 500 may additionally include a non-
transitory computer-readable storage media reader 512, a
communications subsystem 514 (e.g., a modem, a network
card (wireless or wired), an infrared communication device,
etc.), and working memory 518, which may include RAM
and ROM devices as described above. In some embodiments,
computer system 500 may also include a processing accel-
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eration unit 516, which can include a digital signal processor
(DSP), a special-purpose processor, and/or the like.

Non-transitory computer-readable storage media reader
512 can further be connected to non-transitory computer-
readable storage media 510, together (and, optionally, in
combination with storage devices 508) comprehensively rep-
resenting remote, local, fixed, and/or removable storage
devices plus storage media for temporarily and/or more per-
manently containing computer-readable information. Com-
munication subsystem 514 may permit data to be exchanged
with network 412 of FIG. 4 and/or any other computer
described above with respect to system environment 400.

Computer system 500 may also comprise software ele-
ments, shown as being currently located within working
memory 518, including an operating system 520 and/or other
code 522, such as an application program (which may be a
client application, Web browser, mid-tier application,
RDBMS, etc.). In a particular embodiment, working memory
518 may include executable codes and associated data struc-
tures for one or more of the design-time or runtime compo-
nents/services illustrated in FIGS. 1-3. It should be appreci-
ated that alternative embodiments of computer system 500
may have numerous variations from that described above. For
example, customized hardware might also be used and/or
particular elements might be implemented in hardware, soft-
ware (including portable software, such as Applets™), or
both. Further, connection to other computing devices such as
network input/output devices may be employed. In various
embodiments, the behavior of the systems described through-
out the present application is implemented as software ele-
ments of the computer system 500.

The specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense. Many
variations of the invention will become apparent to those
skilled in the art upon review of the disclosure. The scope of
the invention should, therefore, be determined not with ref-
erence to the above description, but instead should be deter-
mined with reference to the pending claims along with their
full scope or equivalents.

What is claimed is:
1. A method of managing user access to protected com-
puter resources, the method comprising:

establishing, by a computer, a backchannel to a user data
repository provided by a relational database;

calculating, by the computer, access privileges to at least
one of said protected computer resources based on a user
record stored in the user data repository provided by the
relational database;

causing, by the computer, an access gate that protects at
least one of said protected computer resources to store
said access privileges in local storage;

receiving, at the computer, a notification using the back-
channel that is generated by a notification mechanism of
said user data repository implementing data update code
executed on said relational database, said data update
code triggered directly in response to a modification of
said user record stored in said user data repository;

querying, by the computer, the user data repository in
response to the notification to obtain the modification of
said user record;

calculating, by the computer, updated access privileges to
the at least one of said protected computer resources
using said obtained modification of said user record; and

causing, by the computer, the access gate associated with
the at least one of said protected computer resources to
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update its local storage with said updated access privi-
leges in response to pushing said updated access privi-
leges to said access gate.

2. The method of claim 1 wherein the modification of said
user record comprises a change in an assigned role of a user.

3. The method of claim 2 wherein calculating updated
access privileges includes calculating updated privileges
based on the user’s assigned role.

4. The method of claim 3 wherein updated privileges can
include denying access to the at least one of said protected
computer resources.

5. The method of claim 1 wherein said notification mecha-
nism comprises a stored procedure implemented in said rela-
tional database.

6. The method of claim 5 wherein the stored procedure is
specified per user record.

7. The method of claim 1 wherein said notification mecha-
nism comprises an LDAP persistent query.

8. The method of claim 1 wherein updated access privi-
leges are calculated for all users upon any modification of said
user data repository.

9. The method of claim 1 wherein updated access privi-
leges are calculated only for users whose data is modified in
said user data repository.

10. The method of claim 1, further comprising substan-
tially real-time membership calculation and enforcement for
a user whose data is modified in said user data repository.

11. The method of claim 1, further comprising adding a
user whose access to the at least one of said protected com-
puter resources has been locked to an invalid users list,
wherein said list is verified upon every access to the protected
resource.

12. The method of claim 1, further comprising receiving an
indication from an identity management application of a
change in data stored in the user data repository.

13. The method of claim 1, wherein receiving the notifica-
tion comprises receiving an indication of a change in data
associated with said user record.

14. A non-transitory computer readable medium embody-
ing thereon a set of instructions which when executed by a
computer cause the computer to manage user access to pro-
tected computer resources, the non-transitory computer read-
able medium comprising:

code for establishing a backchannel to a user data reposi-

tory provided by a relational database;

code for calculating access privileges to at least one of said

protected computer resources based on a user record
stored in the user data repository provided by the rela-
tional database;

code for causing an access gate that protects at least one of

said protected computer resources to store said access
privileges in local storage;

code for receiving an indication using the backchannel that

is generated by a notification mechanism of said user
data repository implementing data update code executed
on said relational database, said data update code trig-
gered directly in response to a modification of said user
record stored in said user data repository;

code for querying the user data repository in response to the

notification to obtain the modification of said user
record;

code for calculating updated access privileges to the at least

one of said protected computer resources using said
obtained modification of said user record; and

code for causing the access gate associated with the at least

one of said protected computer resources to update its
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local storage with said updated access privileges in
response to pushing said updated access privileges to
said access gate.

15. The non-transitory computer readable medium of claim
14 wherein the notification mechanism comprises a stored
procedure implemented in said relational database.

16. The non-transitory computer readable medium of claim
14 wherein the notification mechanism comprises an LDAP
persistent query.

17. The non-transitory computer readable medium of claim
14 wherein the code for receiving the indication comprises
code for receiving a change in data associated with said user
record.

18. A system for managing user access to protected com-
puter resources, the system comprising:

a processor; and

amemory coupled to said processor, the memory including

a set of instructions which when executed by the proces-
sor configure the processor to:

establish a backchannel to a user data repository provided

by a relational database;

calculate access privileges to at least one of said protected

computer resources based on a user record stored in the
user data repository provided by the relational database;
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cause an access gate that protects at least one of said pro-
tected computer resources to store said access privileges
in local storage;

receive a notification using the backchannel that is gener-
ated by a notification mechanism of said user data
repository implementing data update code executed on
said relational database, said data update code triggered
directly in response to a modification of said user record
stored in said user data repository;

query the user data repository in response to the notifica-
tion to obtain the modification of said user record;

calculate updated access privileges to the at least one of
said protected computer resources using said obtained
modification of said user record obtained via the query;
and

cause the access gate associated with the at least one of said
protected computer resources to update its local storage
with said updated access privileges in response to push-
ing said updated access privileges to said access gate.

19.The system of claim 18 wherein the notification mecha-

nism comprises a stored procedure implemented in said rela-
tional database.

20. The system of claim 18 wherein the notification mecha-

nism comprises an LDAP persistent query.

#* #* #* #* #*



